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(54) High withstand voltage semiconductor device 



(57) A plurality of trenches (12) are formed in a drift 
region between a p-type body region (2) and an-1ype 
buffer region (4) A silicon oxide film (13) is formed on 
the side and bottom of each of the trenches (12), and 
an SIPOS film (14) is buried into each of the trenches. 
The trenches (12) are formed by RIE, and the SIPOS 
film (14) is deposited by LPCVD and an undesired por- 
tion can be removed by dry etching such as RIE. The 
SIPOS film (14) is connected to a source electrode (7) 



at the source end of each trench ( 1 2), and it is connected 
to a drain electrode (8) directly or through a resistor at 
the drain end thereof. When a high voltage is applied, a 
depletion layer expands in the n-type drift region (6) from 
an interface between the n-type drift region (6) and the 
trench (12) on each side of the n-type drift region (6), 
therefore, the impurity concentration of the n-type drift 
region (6) can be heightened without lowering the high 
breakdown voltage, and the resistance of the drift region 
can be decreased. 
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Description 

[0001] The present Invention relates to a high break- 
down voltage semiconductor device and, more specifi- 
cally, to a technique of reducing the resistance of a drift 
region of a high breakdown voltage MOSFET. 
[0002] A high breakdown voltage semiconductor de- 
vice, such as a high breakdown voltage MOSFET and 
IGBT, has a drift region whose impurity concentration is 
relatively low in order to obtain a high breakdown volt- 
age. If a high voltage is applied to the element in an off 
state, the drift region is depleted and the element with- 
stands the high voltage. Since the drift region is low in 
impurity concentration, it increases in resistance and 
has a large share of on-resistance of the element. As 
the breakdown voltage heightens, the drift region in- 
creases in resistance; accordingly, the on-resistance of 
the element increases. 

[0003] A high breakdown voltage MOSFET, which 
has the structure as shown in FIG. 20 to decrease the 
resistance of a drift region, is proposed in T Fujihira, 
"Theory of Semiconductor Superjunction Devices," Jpn. 
J. Appl. Phys., Vol. 36 (1997), pp 6254-6262. In this 
MOSFET, a drift region 43 is formed between a p-type 
body region 41 and an n + -typc drain region 42 in order 
to obtain a high breakdown voltage. The drift region 42 
is constituted of p-type layers 44 and n-type layers 45 
which are arranged alternately at small pitches in the 
channel width direction If a high voltage is applied be- 
tween the source and drain so as to make the drain pos- 
itive, a depletion layer expands not only from both a pn 
junction between the p-type body region 41 and n-type 
layers 45 and a pn junction between a p-type layer 46 
and the n-type layers 45, but also from a pn junction 
between the p-type layers 44 and n-type layers 45. For 
this reason, even though the impurity concentration of 
the n-type layers 45 is set higher than that of the drift 
region of a normal high breakdown voltage MOSFET, 
the n-type layers 45 can be depleted and the breakdown 
voltage can be maintained. With the structure of the 
MOSFET shown in FIG. 20, therefore, the resistance of 
the drift region can be lowered by increasing the impurity 
concentration of the n-type layers 45. 
[0004] However, in order to achieve the above advan- 
tage, the impurity concentration of the n-type layers 45 
has to be at least two times as high as that of the normal 
high breakdown voltage MOSFET, provided that the P- 
and n-lype layers 44 and 45 have the same widlh a. In 
order to prevent the breakdown voltage from lowering 
in this state, the width a need to be reduced and the 
depth b of the layers 44 and 45 need to be increased to 
some extent. For example, the depth b should be 2 \±n\ 
at the minimum when the width a is 1 |im. To reduce the 
on-resistance to half by the same breakdown voltage as 
that of the normal MOSFET, the depth b should be about 
4 um at the minimum when the width a is 1 jim. Such a 
structure is difficult to achieve by the current manufac- 
turing technique and, if it is done, its manufacture proc- 



ess will be complicated and increased in cost. 
[0005] As described above, there is a problem in 
which the conventional superjunction elements are dif- 
ficult to manufacture in actuality 
5 [0006] The present invention has been developed in 
consideration of the above situation and its object is to 
provide a high breakdown voltage semiconductor de- 
vice which is easy to manufacture and low in on-resist- 
ance. 

10 [0007] According to a first aspect of the present inven- 
tion, there is provided a high breakdown voltage semi- 
conductor device formed on a high resistance semicon- 
ductor layer, comprising a plurality of trenches formed 
like a stripe in a drift region in substantially parallel with 

*5 a current flowing direction, an insulation film formed on 
a side and a bottom of each of the trenches, and a high 
resistance film buried into each of the trenches with the 
insulation film interposed therebetween, wherein the 
high resistance film is connected to one of source and 

20 gale electrodes directly or through a resistor near a 
source-end portion of each of the trenches, and the high 
resistance film is connected to a drain electrode directly 
or through a resistor near a drain-end portion of each of 
the trenches. 

25 [0008] In the high breakdown voltage semiconductor 
device according to the first aspect of the present inven- 
tion, the high resistance film may be formed on one of 
a semi-insulating polycrystalline silicon and polysiiicon. 
[0009] According to a second aspect of the present 
30 invention, there is provided a high breakdown voltage 
semiconductor device formed on a high resistance sem- 
iconductor layer of a first conductivity type, comprising 
a drift region of a second conductivity type selectively 
formed on a surface of the high resistance semiconduc- 
35 tor layer, a plurality of trenches formed like a stripe in 
the drift region in substantially parallel with a current 
flowing direction, an insulation film formed on a side and 
a bottom of each of the trenches, and a high resistance 
film buried into each of the trenches with the insulation 
40 film interposed therebetween, wherein the high resist- 
ance film is connected to one of source and gate elec- 
trodes directly or through a resistor near a source-end 
portion of each of the trenches, and the high resistance 
film is connected to a drain electrode directly or through 
45 a resistor near a drain-end portion thereof. 

[0010] In the high breakdown voltage semiconductor 
device according to the second aspect of the present 
invention, the high resistance film may be formed on one 
of a semi-insulating polycrystalline silicon and polysili- 
50 con. 

[0011] According to a third aspect of the present in- 
vention, there is provided a high breakdown voltage 
semiconductor device including a first high breakdown 
voltage MOSFET, a second high breakdown voltage 
55 MOSFET, a resistor, comprising a plurality of trenches 
formed like a stripe in a drift region of the first high break- 
down voltage MOSFET, in substantially parallel with a 
current flowing direction, an insulation film formed on a 
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side and a bottom of each of the trenches, and a high 
resistance film buried into each of the trenches with the 
insulation film interposed therebetween, wherein the 
first high breakdown voltage MOSFET and the second 
high breakdown voltage MOSFET have a common 5 
source electrode and a common gate electrode, and 
one end of the high resistance film is connected to the 
common gale electrode, while another end thereof is 
connected to a drain electrode of the second high break- 
down voltage MOSFET and one end of the resistor. 10 
[0012] In the high breakdown voltage semiconductor 
device according to the third aspect of the present in- 
vention, the high resistance film may be formed on one 
of a serni-insuiating polycrystalline silicon and polysili- 
con. 75 
[0013] In the high breakdown voltage semiconductor 
device according to the third aspect of the present in- 
vention, the first high breakdown voltage MOSFET and 
the second high breakdown voltage MOSFET may be 
formed in a common semiconduclor layer. The high re- 20 
sistance film may be formed on one of a semi-insulating 
polycrystalline silicon and polysilicon. 
[0014] According to a fourth aspect of the present in- 
vention, there is provided a high breakdown voltage 
semiconductor device formed on a high resistance scm- 25 
iconductor layer, comprising, a plurality of trenches , 
formed like a stripe in a drift region in substantially par- 
allel with a current flowing direction, an insulation film 
formed on a side of each of the trenches, and a high 
resistance film buried into each of the trenches, wherein 30 
the high resistance film is connected to one of source 
and gate electrodes directly or through a resistor near 
a source-end portion of each of the trenches, and the 
high resistance film is connected to a drain region near 
a drain-end portion of each ol the trenches. 35 
[0015] In the high breakdown voltage semiconductor 
device according to the fourth aspect of the present in- 
vention, the high resistance film may be formed on one 
of a serni-insulating polycrystalline silicon and polysili- 
con. 40 
[0016] In the high breakdown voltage semiconductor 
device according to the present invention, a drift region 
is divided into a plurality of long regions each interposed 
between a plurality of trenches, and a depletion layer 
expands in a drift region from an interface between the 45 
drift region and each of the trenches when a reversed 
bias is applied. Thus, the impurity concentration of the 
drift region can be normally heightened to cause a high 
breakdown voltage. Consequently, the on-resistance 
can be lowered by increasing the impurity concentration so 
of the drift region. 

[0017] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 55 
[0018] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 
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FIG. 1 is a plan view showing a high breakdown volt- 
age MOSFET according to a first embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view taken along line II- 
II of FIG. 1: 

FIG. 3 is a cross-sectional view taken along line Ill- 
Ill of FIG. 1; 

FIG. 4 is a cross-sectional view taken along line IV- 
IV of FIG. 1; 

FIG. 5 is a cross-sectional view showing a high 
breakdown voltage MOSFET according to a second 
embodiment of the present invention; 
FIG. 6 is a cross-sectional view partly showing a 
high breakdown voltage MOSFET according to the 
second embodiment of the present invention; 
FIG. 7 is a cross-sectional view showing a high 
breakdown voltage MOSFET according to a third 
embodiment of the present invention: 
FIG . 8 is a plan view showing a high breakdown volt- 
age MOSFET according lo a fourth embodiment of 
the present invention. 

FIG . 9 is a plan view showing a high breakdown volt- 
age MOSFET according to a fifth embodiment of the 
present invention: 

FIG. 10 is a cross-sectional view taken along lino 

X- X of FIG. 9; 

FIG. 11 is a cross-sectional view taken along line 

XI- XI of FIG. 9; 

FIG. 12 is a cross-sectional view taken along line 

XII- XII of FIG. 9; 

FIG. 13 is a cross-sectional view taken along line 

XIII- XIII of FIG. 9: 

FIG. 14 is an illustration of a high breakdown volt- 
age semiconductor device according to a sixth em- 
bodiment of the present invention; 
FIG . 1 5 is a plan view of the high breakdown voltage 
semiconductor device according to the sixth em- 
bodiment of the present invention; 
FIG. 16 is a plan view showing a high breakdown 
voltage MOSFET according to a seventh embodi- 
ment of the present invention; 
FIG. 17 is a cross-sectional view taken along line 

XVII- XVII of FIG. 16; 

FIG. 18 is a cross-sectional view taken along line 

XVI II- XVIII of FIG. 16; 

FIG. 19 is a cross-sectional view showing a high 
breakdown voltage MOSFET according to an eighth 
embodiment of the present invention; and 
FIG. 20 is a cross-sectional view of a prior art su- 
perjunction high breakdown voltage MOSFET. 

[0019] Embodiments of the present invention will now 
bo described with reference to the accompanying draw- 
ings. 

[0020] FIGS. 1 to 4 show the main part of a lateral n- 
channel high breakdown voltage MOSFET according to 
a first embodiment of the present invention. FIG. 1 is a 
plan view thereof, and FIGS. 2 to 4 are cross-sectional 
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views taken along lines ll-ll, Ill-Ill and IV-IV of FIG. 1, 
respectively. Please note that FIG. 1 does not show an 
insulation film 11 in order to present the layout of elec- 
trodes on an active layer. 

[002 1 ] A p-type body region 2 is formed select ively on 
the surface of a high-resistance p--type layer 1 made of 
monocrystalline silicon, and an nMype source region 3 
having a high impurity concentration is formed in the sur- 
face area of the body region 2. An n-type buffer region 
4 is formed on the surface of the layer 1 at a given dis- 
tance from the region 2, and an n + -type drain region 5 
having a high impurity concentration is formed in the sur- 
face area of the buffer region 4. An n-type drift region 6 
is formed between the p-type body region 2 and n-type 
buffer region 4 in order to obtain a high breakdown volt- 
age. The dose of impurities of the n-type drift region 6 
is 2 x i o 1 * cm' 2 to 2 x 1 0^ cm" 2 The impurity concen- 
tration of the n-type buffer region 4 is higher than that of 
the n-type drift region 6, and the region 4 is provided for 
the purpose of relieving the concentration of electric 
fields and decreasing the resistance but not necessarily 
required. A source electrode 7 is formed on the p-type 
body region 2 so as to be connected with both the body 
region 2 and source region 3, and a drain electrode 8 is 
formed on the nMypc drain region 5. A gate electrode 
10 is provided on the surface of the p-type body region 
2 between the regions 3 and 6, with a gate oxide film 9 
interposed therebetween. The surface of the resultant 
structure is protected by the insulation film 11 such as 
a silicon oxide film 

[0022] A plurality of trenches 1 2 are formed in the drift 
region 6 between the regions 2 and 4. A silicon oxide 
film 13 having a thickness of 5 to 100 nm is formed on 
the sides and bottom of each of the trenches 12, and a 
semi-insulating polycrystalline silicon (SIPOS) film 14 
having a high resistance is buried therein. The trenches 
1 2 are formed by Rl E (Reactive Ion Etching), the SIPOS 
film 1 4 is deposited by LPC VD, and an undesired portion 
is removed by dry etching such as RIE and CDE (Chem- 
ical Dry Etching). The trenches 12 each have a width w 
of 0. 3 u,m to 1 urn, and the distance d between adjacent 
trenches is 0.5 u.m to 5 urn. The length L of each trench 
is equal to that of the drift region 6 and set in accordance 
with the breakdown voltage of the device. If the break- 
down voltage is 500 V, the length L is about 50 pm. The 
depth of the trenches 1 2 is substantially equal to that of 
the drift region 6. As diagrammatically shown in FIG. 2, 
the SIPOS film 14 is connected to the source electrode 
7 at the source-side ends of the trenches 12 and it is 
connected to the drain electrode 8 at the drain-side ends 
thereof. The SIPOS film 14 can be connected to the gate 
electrode 10 at the source-ends. The resistance of the 
film 14 can be adjusted by the concentration of oxygen 
contained therein and the dimensions of the trenches 
1 2. The most of the drift region 6 is divided into a plurality 
of long portions by the trenches 12. The section of FIG. 
3, which shows not the trenches 12 but the portion ob- 
tained by dividing the drift region 6, corresponds to that 



of a normal high-breakdown voltage MOSFET having 
no trenches. If, in the normal high-breakdown voltage 
MOSFET, a high voltage is applied in the OFF state, a 
depletion layer expands in an n-type drift region and a 
5 p--type layer to relieve the concentration of electric fields 
and thus to obtain a high breakdown voltage. 
[0023] In the above high breakdown voltage MOSFET 
of the first embodiment, if a voltage is applied between 
the drain and source so as to set the drain at a high 
'0 potential, the potentials corresponding to the voltage are 
distributed in the SIPOS film 14 in each of the trenches 
12. In that part of the n-type drift region 6 which is inter- 
posed between two adjacent trenches 12, a depletion 
layer expands not only from a pn junction between the 
'5 part and the p--type layer 1 or p-type body region 2, but 
also from an interface between the part and each of the 
trenches 12. The n-type drift region 12 is depleted more 
easily than in the structure with no trenches. Even 
though the impurity concentration of the n-type drift re- 
20 gion 6 is set higher than the optimum value in the device 
having no trenches, the drift region 6 will be depleted. 
Thus : the impurity concentration of the drift region 6 can 
be increased without lowering the breakdown voltage. 
Consequently, the resistance of the drift region can be 
25 decreased, as can be the on-rcsistancc of the high 
breakdown voltage MOSFET If the width w of each 
trench 12 is 1 urn, the distance d between adjacent 
trenches is 1 urn, and the depth thereof is about 4 pm, 
the impurity concentration of the n-type drift region 6 can 
30 be about four times as high as that in the device with no 
trenches, and the resistance of the drift region can be 
reduced to half. Similarly, the resistance of the drift re- 
gion can be reduced to half even if the width w and dis- 
tance d are each 0.5 |im and the depth is about 1 urn 
35 The trenches 1 2 having such dimensions can be formed 
by conventional lithography or RIE. If the width w and 
distance d are further decreased and the depth of the 
trenches are further increased, the dose of impurities of 
the n-type drift region 6 can be increased more than 2 
-to x 10 13 cm- 2 . It is advisable that the thickness of the sil- 
icon oxide film 13 be about one sixth of the distance d 
between the trenches 12. 

[0024] In the first embodiment, the SIPOS film 14 is 
buried into each of the trenches 12; however, it can be 
^ replaced with polysilicon whose impurity concentration 
is low. 

[0025] A high breakdown voltage MOSFET according 
to a second embodiment of the present invention is il- 
lustrated in FIG. 5 corresponding to FIG. 2 showing that 
50 of the first embodiment. In the second embodiment, a 
resistor 1 5 is inserted between the drain-side end of the 
SIPOS film 14 and the drain electrode 8. In order to 
make the impurity concentration of the n-type drift region 
6 as high as possible, the values of the resistor 15 can 
55 be adjusted to control the distribution of potentials 
caused on the SIPOS film 14. Similarly, a resistor can 
be inserted between the source-side end of the SIPOS 
film 14 and the source electrode 7 (or gate electrode 
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10) : though not shown. 

[0026] .The high breakdown voltage MOSFET of the 
second embodiment can actually be constituted as illus- 
trated in FIG. 6. FIG. 6 is a cross-sectional view of the 
structure of the periphery of the drain. The drain-side 
end of the SIPOS film 1 4 is extended and connected to 
the drain electrode 8 directly. That portion of the SIPOS 
film 14 which extends from the drain electrode 8 to the 
trenches 12 (i.e., the extended portion of the film 14) 
serves as the resistor 15. 

[0027] FIG. 7 is a plan view showing the major part of 
a high breakdown voltage MOSFET according to a third 
embodiment of the present invention. The sections tak- 
en along lines ll-ll, Ill-Ill, IV-IV in FIG. 7 correspond to 
those of FIGS. 2, 3 and 4, respectively. In the third em- 
bodiment, the trenches 1 2 are decreased in width on the 
drain side. It the n-type drift region 6 is thickened on the 
drain side, the breakdown voltage can be higher than 
that of the first embodiment. The same breakdown volt- 
age increases the total amount of impurity of the n-lype 
drift region 6 and lowers the on-resistance further. 
[0028] FIG. 3 is a plan view showing the major part of 
a high breakdown voltage MOSFET according to a 
fourth embodiment of the present invention. The sec- 
tions taken along lines ll-ll, Ill-ill, IV-IV in FIG. 8 corre- 
spond to those of FIGS. 2, 3 and 4, respectively. In the 
fourth embodiment, the trenches 12 are decreased in 
width gradually from the source toward the drain. As in 
the third embodiment, the breakdown voltage can be 
higher than that of the first embodiment. The same 
breakdown voltage increases the total amount of impu- 
rity of the n-type drift region 6 and lowers the on-resist- 
ance further. 

[0029] FIGS. 9 to 1 3 illustrate the major part of a high 
breakdown voltage MOSFET according to a fifth em- 
bodiment of the present invention. FIG 9 is a plan view 
thereof, and FIGS. 10 to 13 are cross-sectional views 
taken along lines X-X, XI-XI, XH-XII and XIII-XIM of FIG. 
9, respectively. In the fifth embodiment, a second n-type 
drift region 16 is provided in the drift region 6 near the 
drain. The dose of the second drift region 1 6 is substan- 
tially the same as that of the drift region 6, and the depth 
thereof is equal to or greater than that of the drift region 
6. As in the third and fourth embodiments, the break- 
down voltage can be made higher than that in the first 
embodiment by diffusing more impurities into the drain 
side of the n-type drift region than the source side there- 
of. The same breakdown voltage increases the total 
amount of impurity of the n-type drift region and lowers 
the on-resistance further. 

[0030] FIGS. 14 and 15 are illustrations of a high 
breakdown voltage semiconductor device according to 
a sixth embodiment of the present invention. The device 
of the sixth embodiment includes the same high-break- 
down voltage MOSFET T1 as that of the first embodi- 
ment, a second high-breakdown voltage MOSFET T2, 
and a resistor R1 . However, the SIPOS film 1 4 and drain 
electrode 8 are not directly connected to each other. 



FIG. 14 shows that a load is connected to these consti- 
tuting elements The MOSFET T1 is illustrated by the 
sectional view corresponding to FIG. 2 of the first em- 
bodiment. FIG. 15 shows one example of the plane 
5 structure for accomplishing the structure shown in FIG. 
14, and not any loads. 

[0031] As in the first embodiment, a plurality of trench- 
es 1 2 are formed in the drift region of the first high-break- 
down voltage MOSFET T1 serving as the main element. 

10 The SIPOS film 14 is buried into each of the trenches 
12, and one of the film 14 is connected to the gate elec- 
trode 1 0 of the MOSFET T1 , while the other end thereof 
is connected to the drain electrode 17 of the second 
high-breakdown voltage MOSFET T2 and one end of 

15 the resistor R1. The sources of the first and second 
MOSFETs T1 and T2 are connected to each other as 
are the gates thereof. The first and second MOSFETs 
T1 and T2 are designed so as to have substantially the 
same breakdown voltage. However, the second MOS- 

20 FET T2 may have a high on-resistance. The other end 
of the resistor R1 is connected to a high-voltage DC 
power supply Vdd. A load is connected between the 
drain electrode 6 of the MOSFET T1 and the DC power 
supply Vdd. 

25 [0032] Assuming that the operation voltage Vg of the 
gate is 5 V and the DC power supply voltage Vdd is 200 
V, the first MOSFET T1 usually necessitates a break- 
down voltage of about 400 V and the drift region requires 
a length of about 40 urn. If the resistance of the resistor 

30 R1 is r1 , the resistance of parallel connection of all the 
SIPOS films 14 is r2, and the on-resistance of the sec- 
ond MOSFET T2 is r3, rl:r2:r3 is, for example, 39:3900: 
1. It is desirable that the absolute value of these resist- 
ances be larger. 

35 [0033] When the gate is turned on by applying a 5V- 
voltage thereto, the drain voltage v of the MOSFET T2 
is set to 5V and so is the potential of all the SIPOS films 
14, since the ratio of r1 to r3 is 39:1 (=(Vdd-Vg):Vg). 
Thus, electrons are induced on the sides of the trenches 

40 12 to form a storage layer and decrease the drift resist- 
ance further, with the result that the on-resistance of the 
entire MOSFET T1 is lowered. The ratio of r1 to r3 need 
not be 39:1 strictly and if it is not too small, the same 
advantage can be obtained. If the ratio of r1 to r3 is set 

45 larger than that of (Vdd-Vg) to Vg, the advantage of 
causing the storage form to be formed becomes greater. 
However, the drain voltage v has to be used within such 
a range that it exceeds a voltage of the trenches 12 or 
a voltage cor r esponding to the gate breakdown voltage. 

so [0034] When the gate is turned off, the same condition 
is obtained as in the second embodiment and the po- 
tentials are distributed on the SIPOS film in accordance 
with the ratio of r1 to r2. The potential at the drain-side 
end of the SIPOS film 14 is close to that of the drain, 

55 and the potential at the gate-side end thereof is equal 
to that of the gate. A potential gradient occurs on the 
entire SIPOS film 14 such that the potential increases 
gradually from the gate toward the drain. As compared 



9 



EP 1 073 123 A2 



10 



with a device having no trenches, not only the break- 
down voltage of the MOSFET T1 can be maintained, but 
also it can be increased further. Like in the first embod- 
iment, a depletion layer expands from the interface be- 
tween the n-type drift region 6, which is interposed be- s 
tween adjacent two trenches 12, and each side of the 
trench 12, so that the impurity concentration of the drift 
region 6 can be increased. 

[0035] Consequently, according to the sixth embodi- 
ment, the resistance of the drift region can be lowered io 
by the two advantages: the impurity concentration of the 
drift region 6 can be set high, and electrons are induced 
on the sides of the trench 1 2 to cause a storage layer 
[0036] In the sixth embodiment, the high breakdown 
voltage MOSFET of the third to fifth embodiments can is 
be used for the MOSFET T1. 

[0037] FIGS. 16 to 18 show the major part of a high 
breakdown voltage MOSFET according to a seventh 
embodiment of the present invention. FIG. 16 is a plan 
view thereof, and FIGS. 17 and 18 are cross-seclional 20 
views taken along lines XVII-XVIIand XVIM-XVIII of FIG. 
16, respectively. In the seventh embodiment, the device 
of the first embodiment is modified and formed on an 
SOI substrate. A buried oxide film 1 9 is formed on a sil- 
icon substrate 18, and a high-resistance nMypc layer 25 
20 is formed thereon. The same high breakdown voltage 
MOSFET as that of the first embodiment is formed on 
the SOI substrate. As in the first embodiment, the impu- 
rity concentration of the n-type drift region 6 can be 
heightened without lowering the breakdown voltage; 30 
therefore, the drift region can be decreased in resist- 
ance. The rr-type layer 20 can be replaced with a high- 
resistance p-type layer. 

[0038] FIG. 19 is a cross-sectional view showing the 
major part of a vertical high-breakdown voltage MOS- 35 
FET to which the present invention is applied as an 
eighth embodiment. An n-type drift layer 21 is formed in 
a monocrystalline silicon active layer, and a p-type body 
region 22 is formed selectively in the surface region of 
the drift layer 21 . A high impurity concentration n + -type 40 
source region 23 is formed on the surface region of the 
region 22. A high impurity concentration n + -type drain 
region 24 is formed on the opposite surface of the drift 
layer 21 . A source electrode 25 is formed on the p-type 
body region 22 so as to connect with both the regions 45 
22 and 23, and a drain electrode 26 is formed in the n + - 
type drain region 24. A gate electrode 28 is provided on 
the surface of the p-lype body region 22, which is inter- 
posed between the n 4 -type source region 23 and n-type 
drift layer 21 , with a gate oxide film 27 therebetween. so 
[0039] A plurality of trenches 29 are formed in the n- 
type drift layer 21 to such a depth as to reach the n + - 
typc drain region 24. A silicon oxide film 30 having a 
thickness of about 5 nm to 100 nm is formed on the side 
wall of each of the trenches 29, and a high-resistance 55 
SIPOS film 31 is buried therein. The trenches 29 need 
not necessarily reach the n + -type drain region. The SI- 
POS film 31 is connected to the mMype drain region 24 



at the bottom and connected to the source electrode 25 
on the top. In the eighth embodiment, too, a depletion 
layer expands from the interlace between the n-type drift 
layer 21 and each of the trenches 29 in the drift layer 21 
when a high voltage is applied, so that the impurity con- 
centration of the drift layer 21 can be increased without 
lowering the breakdown voltage, thus decreasing the re- 
sistance of the drift layer 

[0040] An example where the present invention is ap- 
plied to an n-channel high breakdown voltage MOSFET 
has been described. It is needless to say that the 
present invention can be applied to a p-channel high 
breakdown voltage MOSFET It can also be applied to 
another high breakdown voltage semiconductor device 
such as IGBT The device can be constituted to have a 
trench gate like that shown in FIG. 20. 
[0041] As a film to be buried in the trenches, a low 
impurity concentration polysilicon film can be used in 
place of the SIPOS film, as can be another high-resist- 
ance Him. 

[0042] According to the high breakdown voltage sem- 
iconductor device described above, the impurity con- 
centration of the drift region can be heightened and the 
on-resistance can be lowered by decreasing the drift re- 
sistance. 



Claims 

1. A high breakdown voltage semiconductor device 
formed on a high resistance semiconductor layer, 
characterized by comprising: 

a plurality of trenches (12) formed like a stripe 

in a drift region (6) in substantially parallel with 

a current flowing direction; 

an insulation film (13) formed on a side and a 

bottom of each of the trenches; and 

a high resistance film (14) buried into each of 

the trenches with the insulation film interposed 

therebetween, 

wherein the high resistance film (14) is con- 
nected to one of source and gate electrodes (7, 10) 
directly or through a resistor near a source-end por- 
tion of each of the trenches (12), and the high re- 
sistance film (14) is connected to a drain electrode 
(8) directly or through a resistor near a drain-end 
portion of each of the trenches (12). 

2. A high breakdown voltage semiconductor device 
formed on a high resistance semiconductor layer of 
a first conductivity type, characterized by compris- 
ing: 

a drift region (6) of a second conductivity type 
selectively formed on a surface of the high re- 
sistance semiconductor layer; 
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a plurality of trenches (12) formed like a stripe 
in the drift region in substantially parallel with a 
current flowing direction: 
an insulation film (13) formed on a side and a 
bottom of each of the trenches; and 5 
a high resistance film (14) buried into each of 
the trenches with the insulation film interposed 
therebetween, 

wherein the high resistance film (14) is con- 10 
nected to one of source and gate electrodes (7,10) 
directly or through a resistor near a source-end por- 
tion of each of the trenches (12), and the high re- 
sistance film (14) is connected to a drain electrode 
(B) directly or through a resistor near a drain-end is 
portion thereof. 

A high breakdown voltage semiconductor device in- 
cluding a first high breakdown voltage MOSFET 
(T1), a second high breakdown voltage MOSFET 20 
(T2), a resistor (R1) : characterized by comprising: 

a plurality of trenches (12) formed like a stripe 

in a drift region (6) of the first high breakdown 

voltage MOSFET in substantially parallel with 25 

a current flowing direction; 

an insulation film (13) formed on a side and a 

bottom of each of the trenches; and 

a high resistance film (14) buried into each of 

the trenches with the insulation film interposed 30 

therebetween, 

wherein the first high breakdown voltage 
MOSFET (T1 ) and the second high breakdown volt- 
age MOSFET (T2) have a common source elec- 35 
trode (7) and a common gate electrode (10), and 
one end of the high resistance film (1 4) is connected 
to the common gate electrode (10), while another 
end thereof is connected to a drain electrode of the 
second high breakdown voltage MOSFET and one 40 
end of the resistor (R1 ). 

The high breakdown voltage semiconductor device 
according to claim 3, the first high breakdown volt- 
age MOSFET (Tl ) and the second high breakdown 45 
voltage MOSFET (T2) are formed in a common 
semiconductor layer. 

A high breakdown voltage semiconductor device 
formed on a high resistance semiconductor layer, 50 
characterized by comprising: 

a plurality of trenches (12) formed like a stripe 
in a drift region (6) in substantially parallel with 
a current flowing direction; 55 
an insulation film (1 3) formed on a side of each 
of the trenches; and 

a high resistance film (14) buried into each of 



the trenches, 

wherein the high resistance film (14) is con- 
nected to one of source and gate electrodes (7, 10) 
directly or through a resistor near a source-end por- 
tion of each of the trenches (12), and the high re- 
sistance film (14) is connected to a drain region (8) 
near a drain-end portion of each of the trenches 
(12). 

6. The high breakdown voltage semiconductor device 
according to claim 1 , characterized in that the high 
resistance film (14) is formed on one of a semi-in- 
suiating polycrystalline silicon and polysilicon. 

7. The high breakdown voltage semiconductor device 
according to claim 2, characterized in that the high 
resistance film (14) is formed on one of a semi-in- 
sulating polycrystalline silicon and polysilicon. 

8. The high breakdown voltage semiconductor device 
according to claim 3, characterized in that the high 
resistance film (14) is formed on one of a semi-in- 
sulating polycrystalline silicon and polysilicon. 

9. The high breakdown voltage semiconductor device 
according to claim 4, characterized in that the high 
resistance film (14) is formed on one of a semi-in- 
sulating polycrystalline silicon and polysilicon. 

10. The high breakdown voltage semiconductor device 
according to claim 5 ; characterized in that the high 
resistance film (14) is formed on one of a semi-in- 
sulating polycrystalline silicon and polysilicon. 
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(54) High withstand voltage semiconductor device 



(57) A plurality of trenches (12) are formed in a drift 
region between a p-type body region (2) and an-type 
buffer region (4). A silicon oxide film (13) is formed on 
the side and bottom of each of the trenches (12), and 
an SIPOS film (14) is buried into each of the trenches. 
The trenches (12) are formed by RIE, and the SIPOS 
film (14) is deposited by LPCVD and an undesired por- 
tion can be removed by dry etching such as RIE. The 
SIPOS film (14) is connected to a source electrode (7) 



at the source end of each trench (12), and itisconnected 
to a drain electrode (8) directly or through a resistor at 
the drain end thereof. When a high voltage is applied, a 
depletion layer expands in the n-type drift region (6) from 
an interface between the n-type drift region (6) and the 
trench (12) on each side of the n-type drift region (6), 
therefore ; the impurity concentration of the n-type drift 
region (6) can be heightened without lowering the high 
breakdown voltage, and the resistance of the drift region 
can be decreased. 
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